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571 ~ ABSTRACT

An analog-to-digital converter of integration type com-
prises a charging and discharging capacitor, a first com-
parator for comparing an analog input voltage with the
terminal voltage of the capacitor, a second comparator
for comparing a reference voltage predetermined in
relation to the input voltage with the terminal voltage

~of the capacitor, a switching transistor connected in

parallel with the capacitor for controlling the charging
and discharging of the capacitor, and a gated logic
circuit applied with outputs of the first and second com-
parators, a charge-discharge control pulse, and a clock
pulse.

When the terminal voltage of the capacitor decreases

- below the reference voltage during dlscharge through

the switching transistor, the discharge is stopped and a
converted output is generated through the gated logic

circuit on the basis of the outputs of the comparators.

When the terminal voltage increases above the input
voltage during charging, the converted output is
stopped. The conversion speed and the conversion ac-
curacy are improved and are not influenced by the
dispersion of the elements in the discharging path. This
converter is suitable for an exposure display system
employing an IC for use in a camera. In such a case, the
reference voltage may be selected at a value slightly

- lower than the voltage corresponding to the brightness

of the scene on a ramy day.

8 Claims, 7 Drawing Figures




U.S. Patent sep.22,1981  Sheetiof5 4,291,297

FI1G A

CC |
<EIOI N Az




U.S. Patent  sep. 22, 1981 Sheet 2 of 5 4,291,297

" F16. IB




U.S. Patent Sep. 22, 1981 o Sheet 3 of 5 , 4,291,297

F1 G. 3

3™ LOGARITHMIC i o V5 _
|ARTAMETIC | | FICATION | [CONVERSON| | PHOTODIODE
OPERATION — _ AY

2/ 4

' - L+|COUNTER |={ DECODER |~
IRIS  SHUTTER - - d
VOLTAGE SPEED ' 77

- VOLTAGE b




U.S. Patent sep. 22, 1981 ~ Sheet4of 5 = 4,291,297




U.S. Patent  sep.22, 1981  Sheet50f5 4,291,297

CFI1G. 4B %o UUUUUUUULUL




4,29 1,297

1

SINGLE RAMP COMPARISON ANALOG TO
- DIGITAL CONVERTER

This 1s a continuation of application Ser. No 809 007 .

filed June 22, 1977, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention D |
This invention relates to an analog-to-digital (A-D)

converter, and more particularly to a voltage-time con-
version type A-D converter or an integration type A-D

converter.

2. Description of the Prior Art |

A voltage -time conversion type A- D converter as
shown in FIG. 3§ is generally known. For example, a
system block diagram of such a circuit is shown in FIG.
1, page 101 of Japanese publication ‘‘Transistor
Gijutsu” issued January 1975.

In FIG. §, a capacitor C, and a switching transistor
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Q, are connected in parallel with each other and be-

tween a constant current source I, and the ground po-
tential to form a charging and discharging circuit. The
other end of the constant current source I, is connected
to a supply voltage source terminal V... A comparator

25
A, has a positive input terminal connected to an input -

terminal V;, applied with an analog input voltage and a

negative input terminal connected to the.interconnec-
tion point of the constant current source I, and the
~ charging and discharging circuit to be applied with the
output of the charging and discharging circuit. The
switching transistor Q, of the charging and discharging
circuit is driven by a clock pulse ¢y arriving at a certain
(longer) time interval. The output voltage V, of the
voltage comparator A,and an inverted pulse ¢4 formed
by inverting the charging and discharging clock pulse
signal ¢g1n an inverter Ls are applied to an AND logic

circuit Lg together with a successively arriving clock

pulse signal ¢ of a shorter period. The output Vs of
this AND circuit Lg constitutes the converted output.
Operational principle of this circuit is as follows.
When the charging and discharging clock pulse ¢y is
at a high level “H” (“1” level), the switching transistor
Qo 1s turned on and hence the charge stored on the

30
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40

capacitor C, is dlscharged through the transistor Q,. If 45

the capacitance C, is selected to be small, this discharge
1s achieved relatively rapidly and completely. Then, the

terminal voltage of the capacitor C,becomes zero volts,

which is lower than the input voltage V;,. Thus, the
comparator A, generates a high level “H” at the output
V,. Then, when the charging and discharging clock

30

- pulse ¢ becomes of “L” level (“0” level), the 1nverted

output ¢bgbecomes of “H” level.
Here, the switching transistor Q, becomes turned off
to cut off the discharging path of the capacitor C,.

55

Then, the capacitor C, is gradually charged up by the

~current from the constant current souce I, and accord-

ingly the terminal voltage thereof gradually increases.

Denoting the period of “L’ level of the pulse signal ¢y
as T4, the maximum terminal voltage V ,4x of the capac-
itor C,is I,T4/C,. During the period t; when the clock
pulse ¢y s at the “L” level and when the terminal volt-
age of the capacitor C, is lower than the input voltage
Vn, the output voltage V, of the voltage comparator
A, is at the “H” level and hence the AND logic circuit

L transmits the waveform of the successively incoming

clock pulse ¢ to the output V,,. When the terminal

60
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voltage of the capacitor C, exceeds the input voltage

proved.

2
Vin, the relation of the inputs of the voltage comparator
A, is changed. Thus, the output V, of the comparator
A, is inverted to the “L” level. Therefore, the gate of
the AND circuit Lgis closed and the output V,,, thereof
Is held at the “L” level. Therefore, the analog input

‘voltage can be known by measuring the period t1 in

which the clock pulse ¢ appears or is present at the

output Vyyr or by counting the number of such clock
“pulses in a counter, etc.

‘The above converter circuit, however, is accompa-
nied by the following drawbacks.

(1) In the general integration type A-D converter as
shown in FIG. §, the operation of the circuit is based on
the period from the time when the capacitor C, is dis-
charged to zero volts to the time when the capacitor C,
1s charged up to the input voltage. Therefore, the charg-
ing and discharging Operation consumes a certain time
period and the conversion speed or the response time
becomes slow or long.

(2) Since the transistor Q, performs repeated on-off
operations, there arises the residual voltage. Then, the
terminal voltage of the capacitor may not fall com-
pletely to the ground level. That is, the ground level
differs for each operation. Then, no accurate conver-
smn can be achieved. | |

(3) The on-resistance of the transistor Qo has a disper-

sion from the designed value in manufacture. This leads

to different discharging time constant from one. transis-
tor to another. When mass-production is employed, the
reproducibility is poor and the yield cannot be im-

SUMMARY OF THE INVENTION

- Therefore, an object of this invention is to provide an
A-D converter capable of solving all the conventional

problems.

Another object of this invention is to provide an A-D
converter of voltage-time conversion type having a

. short response time.
A further object of this invention is to provide an

A-D converter utilizing a charging and discharging
circuit including a capacitor and a switching element,
capable of achieving accurate A-D conversion.

Another object of this invention is to provide an A-D
converter of integration type free from the influence of
the dispersion of the discharging time constant due to
the manufacturing dispersion of the on-resistance of the
discharging switching element.

Another object of this invention is to provide a clock-
operated integrating A-D converter of reduced A-D
conversion error. |

Another object of this invention is to provide an A-D
converter adapted for use in an exposure display system
of camera integrated circuits (ICs).

According to a typical aspect of this invention for
achieving the above objects, there is provided an A-D
converter comprising at least first and second voltage

comparators, each having two input terminals and an

output terminal, and a charging and discharging circuit
including a capacitor connected between first and sec-
ond power supply terminals through a constant-current
source circuit and a switching means connected in par-
allel to the capacitor and controlled by a charging and
discharging control signal, the first voltage comparator
having one input terminal applied with an input voltage
and the other input terminal connected to the first
power supply terminal through the constant-current
source circuit, the second voltage comparator having
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one input terminal applied with a reference voltage
predetermined in relation with the input voltage and the
other input terminal connected to the other terminal of
the first voltage comparator. When the terminal voltage
of the capacitor decreases below the reference voltage
in the discharging operation, the discharging action is
stopped. A converted signal is generated on the basis of
the outputs of the first and the second voltage compara-
tors, i.e. when the terminal voltage is between the refer-

ence and the input voltages. When the terminal voltage
~ of the capacitor increases above the input voltage in the
charging operation, the converted signal is stopped on

the basis of the outputs of the first and the second volt-
age comparators. |

Other objects, features and advantages of this inven-
tion will become apparent from the following detailed
description of the preferred embodiments of this inven-
tion when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1A is a circuit diagram of an A-D converter
according to an embodiment of this invention.

FIG. 1B is a chart of voltage waveforms for explain-
ing the operation of the circuit of FIG. 1A.

FIG. 2 1s a circuit diagram of an example of the volt-
age comparator to be used in this invention.

FIG. 3 1s a circuit block diagram of an application
example of the present A-D converter.

FIG. 4A is a circuit diagram of an A-D converter 30

according to another embodiment of this invention.
FIG. 4B is a chart of voltage waveforms for explain-
ing the operation of the circuit of FIG. 4A.
FIG. 5 1s a circuit diagram of an example of the con-
ventional A-D converter.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinbelow, description will be made concretely in
detail by way of embodiments referrmg to the accompa-
nying drawings.
~ FIG. 1A shows an embodiment of an A-D converter
comprising first and second voltage comparators Aj
and Aj, each formed of an operational amplifier having
~ two mput terminals comprising a noninverting input
terminal (+) which provides in-phase in the direction of
change in the output signal to the input signal in the
‘operational amplifier and an inverting input terminal
- (—) which provides opposite-phase in the direction of
change therein and an output terminal, and a charging
and discharging circuit 1 including a series connection
of a constant current source circuit I,;and a capacitor C
connected between a voltage (V) source terminal and
a ground potential terminal GND and a switching npn
transistor Q connected between the interconnection
point of the capacitor C and the constant current source

S
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voltage V;,. For example, in the case of exposure dis-
play systems of camera ICs as described later, this-ana-
log input voltage based on the brightness of the scene
never becomes null potential. Then, the minimum value
of the voltage may be selected to one corresponding to
the brightness of the scene on a rainy day (correspond-

1ing to the lowest allowable image level). The reference

voltage Vs may be determined to be slightly lower
than this minimum voltage. A charge-discharge control

signal V4 is applied to the gate of the switching npn
transistor Qj. The control signal V4 is formed by taking
a NAND logic of a pulse signal ¢dzarriving at a constant

interval and the output V; of the second voltage com-
parator Azin a NAND logic circuit Lj and inverting the
output V3 of the NAND logic circuit L in an inverter
circuit L. An AND logic circuit L4 is provided to take
the AND logic of four inputs; the outputs Viand V; of
the voltage comparators Ay and A3, the output ¢z of an
inverter circuit L3 for inverting the pulse s:gnal &4, and
a clock pulse o,.

- The pulse width of the pulse signal ¢4 has a longer
time interval than a CR time constant in a discharge
circuit consisting of the transistor Q; and the capacitor
C, and duration of the constant interval thereof is deter-
mined by a maximum number of the clock pulse ¢gto be
derived and counted as an output signal from the output

of the AND logic circuit Ls. The repeated frequency of

the clock pulse signal ¢, is determined according to
conversion accuracy required for an A-D converter.
The output V,,, of this AND circuit L4 constitutes the

~output of the A-D converter.

According to the above structure, the purposes of

this invention can be achieved as can be seen from the

following description of the operation.

FI1G. 1B shows voltage waveforms at various points
in the circuit of FIG. 1A. Following description of the
operation of the circuit will be made in conjunction
with FIGS. 1A and 1B. The interval of the chargedis-
charge control or timing pulse ¢4 and the period of
arrival of the clock pulse ¢, are assumed to be as shown

in FIG. 1B.

First, when the supply Voltage Vcc is applled the
capacitor C of the charging and discharging circuit 1 is
charged by the supply voltage V. through the constant
current source circuit I,z Thus, the terminal voltage
V pof the capacitor C comes to the V. level (the dotted

- broken line in FIG. 1B showing the terminal voltage

50
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circuit I,;and the ground potential terminal GND. The -

above-mentioned first voltage comparator A1 has the
noninverting input terminal (4 ) applied with an analog
input voltage V;, and the inverting input terminal (—)
connected to the outpUt point of the charging and dis-
charging circuit 1, i.e., the terminal voltage point of the
capacitor C. The second voltage comparator A; has the

noninverting input terminal (4 ) connected to the out-

put point of the charging and discharging circuit 1 and
the inverting input terminal (—) applied with a refer-
ence voltage Vs predetermined in relation with and
being lower than the minimum value of the input analog

60

Vp). Provided that the analog input voltage Vi, has a
waveform as shown by the solid line in FIG. 1B, the
output voltage V of the first voltage comparator A at
such conditions takes the low level “0” since the volt-
age Vp at the inverting input terminal (—) is higher
than the voltage V;, at the noninverting input terminal

(+). Further, if the reference voltage V ,ris selected to
be as shown by the dotted line in FIG. 1B satisfying the

above-mentioned condition, the output V> of the second
voltage comparator Ay becomes of the high level “1”
since the voltage V p at the noninverting input terminal
(+) 1s higher than the voltage V,.rat the inverting input
terminal (—). Then, due to the low level “0” of the
output V of the first voltage comparator A1, the output

Vourof the AND logic circuit L4 is at the low level “0”

regardless of the levels of the other inputs.

Next, when the charge-discharge control pulse ¢y is
applied (i.e., reaches “1” level) at the timing as shown in
F1G. 1B, the NAND logic circuit L1 is opened by the
“1” levels of this pulse ¢4 and the output V3, of the
second voltage comparator Aj to generate “0” level at
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the output V3. Hence, the output V4 of the inverter L,
reaches “1”" level to turn on the switching transistor Q.
Upon the turning-on of the transistor Qj, the capacitor
C begins discharging and the terminal voltage V pof the
capacitor C begins to fall toward the ground level
GND. Here, the pulse width of the timing pulse ¢y is
selected to be slightly longer than the discharging time
of the capacitor C in relation to the refererice voltage
Viref ' . - _

- During discharge of this capacitor C, the terminal
~voltage Vp decreases and the output states at various
points of the circuit vary accordingly. Namely, when

the terminal voltage Vp of the capacitor C decreases.

below the analog input voltage V,, the input voltage
Vin at the noninverting input terminal (+) of the volt-
age comparator A becomes higher than the other input
voltage V p and hence the output V of the first voltage
comparator Aj is reversed to high level “1”. Further,
when the terminal voltage Vp of the capacitor C de-
creases below the reference voltage V,.; the second
voltage comparator Aj takes “0” level since the input
voltage V,.rat the inverting input terminal (—) becomes

- higher than the other input voltage V pat the noninvert-

ing input terminal (+). | |

At the moment when the output V; of the second
- voltage comparator Aj reaches “0” level, the output V3
of the NAND logic circuit L is inverted to “1” level
and hence the output V4 of the inverter L is inverted to
“0” level. Therefore, the switching transistor Q; is
turned off at the timing, after the “0” inversion of the
output of the second voltage comparator A,, deter-
mined by the response time of the NAND circuit L1,
the inverter L and the transistor Q;. Thus, the capaci-
tor C begins charging again. |

Then, the terminal voltage Vp of the capacitor be-
comes lower than the reference voltage V,.rirrespec-
tive of the output V3 having “0” level because of de-
layed response in the NAND circuit L1, inverter Lj and
transistor Q; to the output Vs, 1.e. because of a total
delay time of the NAND circuit L, inverter L, and
transistor Q. When the terminal voltage Vp of the
capacitor C becomes higher than the reference voltage
Vreragain, the output V; of the second voltage compar-
ator Az becomes of “1” level. At this timing, the output
V1 of the first voltage comparator A is at *“1”’ level and
the charge-discharge timing pulse ¢y is at ““0” level, and
therefore the inverted signal ¢y is at *“1”’ level and the
clock pulse ¢, directly appears at the output V,,, of the
converter through the AND circuit 14.

- Further, when the terminal voltage V p of the capaci-
tor C exceeds the input voltage V;, by the charging of
the capacitor C, the output Vi of the first voltage com-
parator 1s inverted to the low level “0” since the voltage
Vp at the mnverting input terminal (—) becomes higher
than the voltage at the noninverting input terminal (+).
Therefore, the output V,,, of the AND circuit L4 be-
comes of low level “0”., -

As can be seen from the above, the digital representa-
tion of the analog input voltage can be achieved by
measuring the period t; in which the clock pulse is
present at the output terminal V,,, or by counting the
number of arriving clock pulses in a counter etc.

Further, even when the level of the input voltage V,,
is relatively low, clock pulses appear at the output ter-
minal Vy,, through similar operations as shown in the
period t; of FIG. 1B. The digital conversion can be
achieved by measuring the period or number of arriving
clock pulses under such conditions.

4,291,297
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The A-D conversion is achieved in a similar manner
in the following cases. | |

As 1s apparent from the above description of the
embodiment, various advantages as described below
can be obtained according to this invention.

(1) The charge on the capacitor C of the charging and
discharging circuit 1 is not discharged completely to
zero volts, but is stopped when the terminal voltage
becomes lower than the reference voltage V.. Then,
charging of the capacitor C is conducted. The conver-
sion operation is initiated at the moment when the
charging voltage exceeds the above-mentioned refer-

- ence voltage V.. Therefore, the conversion speed is
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enhanced compared to the conventional case of com-
pletely discharging the capacitor to zero (GND) poten-
tial and then initiating the conversion action.

(2) According to the conventional method, the on-off
operation of the transistor Qi is achieved repeatedly.
Thus, there arises the problem of residual voltage; the
capacitor C may not be completely discharged. Ac-
cording to the present method, the capacitor C may not
be completely discharged and hence the above problem
1s disregarded. Therefore, the conversion accuracy is
improved. ..

(3) Even when the on-resistance of the transistor Q
has some extent of dispersion with respect to the de-
signed value, such dispersion has lower influence to the
discharging time constant since the capacitor C cannot
be completely discharged to the null voltage. The dis-
charging operation is stopped in the neighborhood of
the reference voltage V,.rand the above dispersion has
no longer material influence to the discharging time
constant determined by the product of the capacitance
of the capacitor C and the on-resistance of the transistor
Q1 as is the case with the conventional circuit. Thus, a
larger yield can be expected in the case of mass-produc-
tion. | | |

FIG. 2 shows a concrete example of the circuit of the
voltage comparators A and A;to be used in the analog-
to-digital converter circuit of this invention.

In the circuit, emitter-coupled npn transistors Q; and
Q3 have respective bases supplied with inputs IN; and
IN>. The common emitter is connected to a supply
voltage (V) terminal through a constant current
source circuit I,;. The collectors are connected to a
ground (GND) terminal through respective constant
current source circuits I3 and I,4. A load resistor R;
and an npn transistor Q4 are connected in series between
the supply voltage V.. and the ground GND to form an
output circuit. The output V,,; of the circuit is derived
from the connection node of the resistor R; and the
transistor Q4. The base of the transistor Qg of the differ-

collector of the emitter-coupled transistor Q3. By th

ential pair transistors Q3 and Q4 is connected tOth;

‘use of the voltage comparators formed of bipolar tran-' -

sistors as shown in FIG. 2, they can be integrated in a
one-chip semiconductor substrate in an IC together

- with other circuit components of the converter struc-

60
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ture. Thus, the degree of integration can be improved.
The structure of the voltage comparator is not re-
stricted to one shown in the figure but may be of any

type.

FIG. 3 shows the exposure display system of camera

IC embodying the present A-D converter. This circuit

achieves alarm display of over-exposure and under-

exposure. | |
‘As shown in the figure, the brightness of the scene is

detected 1n a photoelectric converter 2 such as a GaAsP
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photodiode or a CdS photoconductive cell. The de-

tected photocurrent is logarithmically compressed by
utilizing collector current (IC) vs. base-to-emitter volt-
age (V pg) characteristics of a bipolar transistor. On the
other hand, the selected F-value (iris) and the shutter
speed including the exposure index (ASA) are con-
verted into voltage to provide an F-voltage F and a
shutter speed voltage S. These three voltage signals are
inputted into an arithmetic circuit 3 and calculated
therein to provide an output corresponding to the re-
spective input voltages. This output voltage is amplified

10

by an amplifier 4. The amplified output 1s converted

into a digital value in an A-D converter 5. This digital
value is counted in a counter 6 to provide the count
signal to a decoder 7 having a driver function. The
decoder 7 serves to convert the counted signal into a
driver signal for display. An appropriate photodiode
i.e. the corresponding light emitting diode (LED) in a
LED array display 8, for example of 7 dots, 1s turned on
by this decoder 7. Arrangement is performed that the
appropriate exposure is provided when the central
LED is turned on as shown in the figure. This method
is called the fixed point display method. |

When the A-D converter of the foregoing embodi-

ment is used in such a system, high accuracy exposure
display can be achieved.
This invention is not restricted for use in the exposure

display system of camera ICs as described above, but

may be applied in various uses, such as a data logger in
measuring systems or digital computing systems.

FIG. 4A shows another embodiment of the A-D
converter of this invention, in which a constant current
circuit I, constituting a charging and discharging circuit
1 is formed of transistors Qsto Qo and the circuit opera-
tion is controlled by a switching transistor Qjo.

That is, the first pair of pnp transistors Qs and Qe
construct a first current mirror circuit while the second
pair of npn transistors Q7 and Qg construct a second
current mirror circuit. A series circuit of a resistor R,
and a diode-connected transistor Qg provides a D.C.
current to the transistor Qg from a voltage supply Vier
The D.C. current through the transistor Qgis controlled
by the transistor Q9. Further, a control circuit for con-
trolling the transistor Qo comprises inverter circuits Ls,
Lg and Lo, NAND circuits L7 and Lo and a delayed
flip-flop circuit Lg. Voltage waveforms at various
points in the circuit of FIG. 4A are shown in FI1G. 4B.
In this embodiment, charging is stopped from the time
when the terminal voltage of a capacitor C, reaches the
reference voltage V,rto the time of arrival of the next
clock pulse to hold the terminal voltage at V.. By this
arrangement, the period required for the terminal volt-
age to rise from the reference voltage V,,rt0o an un-
known input voltage can be accurately digitalized. Ac-
cording to this embodiment, the conversion error can
be reduced compared to the case where the timing of
the terminal voltage of the capacitor C, reaching the
reference voltage V,.r 18 not synchronized with the
clock pulse

What is claimed 1s:

1. An electronic circuit with a charging and discharg-
ing circuit comprising: |

a series circuit of a current ltmiting means and a ca-

pacitor connected between a power supply termi-
nal and a ground terminal so that one end terminal
of said capacitor in said series circuit 1S connected
to said ground terminal while one end terminal of
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said current limiting means is connected to sald
power supply terminal; |
switching means connected in parallel Wlth said
capacitor to provide a discharge path for said ca-
pacitor when the switching means is conductive,
said switching means. having a control electrode
for controlling the conductivity thereof;

a first voltage comparator having two input terminals

and an output terminal, one of said two input termi-
nals being connected to the juncture between said
current limiting means and said capacitor so as to
supply the terminal voltage appearing across said
capacitor to said one input terminal of said first
voltage comparator;

reference voltage source connected between the
other input terminal of said first voltage compara-
tor and said ground terminal so as to provide a
predetermined voltage to said other input terminal
of the first voltage comparator;

a first pulse source coupled to the control electrode

of said switching means through a first logic means,
wherein said first pulse source generates a control
pulse signal which alternately repeats a first prede-
termined period of a first voltage level and a sec-
ond predetermined period of a second voltage
level, said first predetermined period of the control
pulse signal being provided to determine the time

during which said switching means i1s rendered

conductive, while said second predetermined per-

~ iod of the control pulse signal 1s provided to deter-

mined the time during which said switching means
is rendered nonconductive; and

wherein said first logic means includes two input

terminals connected to said output terminal of the
first voltage comparator and said first pulse source
respectively, and an output terminal connected to
said control electrode of the switching means, for

~ causing said switching means to be conductive so

as to permit said capacitor to be discharged during
a first portion of said first predetermined period
when the terminal voltage of said capacitor 1s
higher than said predetermined voltage of the ref-
erence voltage source, and causing said switching
means to be non-conductive so as to stop satd ca-
pacitor from being discharged through said switch-
ing means during a second portion of said first
predetermined period when the terminal voltage of
said capacitor becomes lower than said predeter-

mined voltage of the reference voltage source,

thereby to prevent unnecessary discharging of the
capacitor through said switching means after the
terminal voltage of said capacitor becomes lower
than a predetermined voltage in said first predeter-
mined period of the control pulse signal;

an output terminal connected to the juncture of said

series circuit for deriving an output signal voltage
appearing across said capacitor, and

a second voltage comparator having two input termi-
‘nals and an output terminal, one input terminal of

said second voltage comparator being supplied
with an analog input voltage while the other input
terminal of said second voltage comparator is con-
nected to said output terminal of the series circuit,
thereby to derive an output pulse signal having its
pulse width corresponding to the amplitude of said
analog input voltage from said output terminal of
the second voltage comparator, further compris-

Ing:
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a second pulse source for generating a clock pulse
signal which alternately repeats a third predeter-
mined period of a higher voltage level and a fourth
predetermined period of a lower voltage level and
has a frequency of the alternating repetitions 3
higher than that of said control pulse signal; and

- a second logic means for receiving, at least, the out-

- " put pulse signals at the output terminals of said first

and second voltage comparators and said clock

- pulse signal, and passing said clock pulse signal 10

- during the period when the terminal voltage of said
~ capacitor is in the range between said predeter-
mined voltage of the reference voltage source and
said analog input voltage in said second predeter-
mined period of the control signal and thereby !°
obtaining a digital output signal which has the
number of clock pulses corresponding to the value
of said analog input voltage in said second prede-
termined period of the control pulse signal. '
2. An electronic circuit according to claim 1, further
comprising a holding circuit means, coupled between
said output terminal of the first voltage comparator and
said series circuit, for stopping the supply of power to
said series circuit and thereby holding the terminal volt-
age of said capacitor in the vicinity of said predeter-
mined voltage of the reference voltage source.

- 3. An electronic circuit according to claim 1, wherein
.sald second predetermined period of the control pulse
signal is selected to be longer than said ﬁrst predeter- 10
mined period thereof. o -

4. An electronic circuit with a chargmg and dlscharg-

ing circuit comprising: |

a series circuit of a current limiting means and a ca-
pacitor connected between a power supply termi- ;<
nal and a ground terminal so that one end terminal
of said capacitor in said series circuit 1s connected
to said ground terminal while one end terminal of

- said current limiting means is connected to said

- power supply terminal; 40

a switching means connected in parallel with said
capacitor to provide a discharge path for said ca-
pacitor when the switching means is conductive,
said switching means having a control electrode
for controlling the conductivity thereof, 45

a first voltage comparator having two mput termlna]s‘ |
and an output terminal, one of said two input termi-
nals being connected to the juncture between said
current limiting means and said capacitor so as to
supply the terminal voltage appearing across said sg
capacitor to said one input termmal of said first
voltage comparator; |

~a reference voltage source connected between the

~other input terminal of said first voltage compara-

25

tor and said ground terminal so as to provide a 55

predetermined voltage to said other input terminal
of the first voltage comparator; |

a first pulse source coupled to the control electrode
of said switching means through a first logic means,

wherein said first pulse source generates a control 60

pulse signal which alternately repeats a first prede-
termined period of a first voltage level and a sec-
ond predetermined period of a second voltage
level, said first predetermined period of the control
pulse signal being provided to determine the time 65
during which said switching means is rendered
conductive, while said second predetermined per-
iod of the control pulse signal is provided to deter-
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--mine the time during which said switching means is -
rendered non-conductive; and

‘wherein said first logic means includes two 1nput

‘terminals connected to said output terminal of the
- first voltage comparator and said first pulse source
‘respectively, and an output terminal connected to
- said control electrode of the switching means, for
- ‘causing said switching means to be conductive so
as to permit said capacitor to be discharged during

.-a first portion of said first predetermined period

-when the terminal voltage of said capacitor is

- higher than said predetermined voltage of the ref-

~ erence voltage source, and causing said switching
means to be non-conductive so as to stop said ca-

_ pacttor from being discharged through said switch-
ing means during a second portion of said first
predetermined period when the terminal voltage of
said capacitor becomes lower than said predeter-

- mined. voltage of the reference voltage source,
thereby to prevent unnecessary discharging of the

 capacitor through said switching means after the

terminal voltage of said capacitor becomes lower
than a predetermined voltage in said first predeter-
mined period of the control pulse signal; and

- an output terminal connected to the juncture of said

- series circuit for deriving an output signal Voltage
appearmg across said capacxtor further compris-

- 1ng:

- a holding circuit means, coupled between said output

terminal of the first voltage comparator and said
series circuit, for stopping the supply of power to
said series circuit and thereby holding the terminal
~ voltage of said capacitor in the vicinity of said

~ predetermined ‘voltage of the reference voltage

- source.
5. In an electronic circuit with a charging and dis-

charging circuit comprising:
2 charging and discharging circuit including a capam-

tor and a switching means coupled to said capaci-

' _'tor for enabling said capacnor to charge or dis-

charge, said switching means having a control
electrode for contro]lmg the conductivity thereof;
and _'

a control pulse signal supplled to said control elec-
trode of the switching means for defining the per-

~ iod of charging or discharging action of said capac-
itor, said control signal having a predetermined
voltage level generated during said period to cause
said SWltChlng means to be conductive or non-con-
ductive, |

the improvements in sald electronic crreurt compris-
ing:

a first voltage comparator means for comparmg the
terminal voltage appearing across said capacitor
with a reference voltage and delivering an output
signal;

a first logic. means for applylng said control pulse
signal to said ‘switching means, said first logic
means receiving the output signal of said first volt-
age comparator means and said control pulse sig-

- nal, and inhibiting said predetermined voltage level
of said control signal from being supplied to said
control electrode of the switching means at the
time when the terminal voltage of said capacitor
has a predetermined relationship to said reference
‘voltage in the period of said control pulse signal,
thereby to prevent unnecessary charging or dis-
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charging action defined in sald perlod of said con-
trol pulse signal; , o
a second voltage comparator means for -eomparing

the terminal voltage of said capacitor with an ana-

log mput voltage and delivering an output signal
having a pulse width corresponding to the ampli-
tude of said analog input voltage; and |

a second logic means for receiving the output signals
of said first and second voltage comparator means
and a clock pulse signal, and passing said clock

. pulse signal within the period corresponding to
said pulse width of the output signal of the second
voltage comparator means and thereby obtaining a
digital output signal which has the number of clock
pulses corresponding to the value of said ana]og
voltage, further comprlsmg,

a third logic means for receiving the output signal of
satd first voltage comparator means and for stop-
ping the supply of power to said ehargmg and
discharging circuit.

6. An analeg to-digital (A-D) converter ClI‘Clllt com-

prising:

a charging and discharging circuit connected be-
tween a pair of power supply terminals, and includ-
ing a parallel connection of a capacitor and a
switching means, said switching means having a
control electrode for controlling the conductlwty
of said switching means;

first and second voltage comparators, each havmg
two input terminals and an output terminal, one
input terminal of said first voltage comparator
being supplied with an analog input voltage while
the other input terminal of said first voltage com-
parator 1s connected to said capacitor so as to sup-

ply the terminal voltage appearing across said ca-

pacitor to said first voltage comparator, and one
~terminal of said second voltage comparator being

10

15

20

235

30

35

connected to said other terminal of the first voltage

comparator while the other terminal of said second

voltage comparator is supplied with a reference
voltage predetermined in relation to said input
voltage; |

40

a first pulse source for generating a control -pulse

signal which alternately repeats a first predeter-
mined period of a first voltage level and a second
predetermined period of a second voltage level;

~a second pulse source.for generating a clock pulse

45

signal which alternately repeats a third predeter-

- mined period of the first voltage level and a fourth

12

- predetermined period of the second voltage level
-and has a frequency of the alternating repetitions
higher than that of said control pulse signal;

a first logic means for receiving said control pulse
signal and the output signal appearing at the output
terminal of said second voltage comparator,. said
first logic means producing a driving signal to
cause said switching means to be conductive and
thereby to permit said capacitor to be discharged

- during the period when the terminal voltage of said
capacitor is higher than said reference voltage in
said first predetermmed period of the control pulse
signal;

“a second logic means for receiving the output signals
at the output terminals of said first and second
voltage comparators, and said clock pulse signal,
and passing said clock pulse signal during the per-
10d when the terminal voltage of said capacitor is in
the range between the reference voltage and the
analog input voltage in said second predetermined
period of the control pulse signal and thereby ob-
taining a digital output signal corresponding to the
value of said analog input voltage in said second
predetermined period of the control pulse signal;
and

a holding circuit, coupled between said output termi-
nal of the second voltage comparator and said

charging and discharging circuit, for holding the
terminal voltage of said capacitor at said reference
voltage by stopping the supply of power to said
charging and discharging circuit from the time

- when the terminal voltage of said capacitor reaches
said reference voltage by the discharging action of
said switching means to the time of arrival of the
next clock pulse of said clock pulse signal.

7 An A-D converter circuit according to claim 6,
wherein said second predetermined period of the con-
trol pulse signal is selected to be longer than said first
predetermined period thereof.

8. An A-D converter circuit accerdmg to claim 6,

‘wherein said holding circuit comprises a constant cur-

rent source circuit for providing the charging current to
said charging and discharging circuit and third logic
means for stopping operation of said constant current
source circuit during a predetermined period by the
output signal at the output terminal of sald seeond volt-

age comparator. ,
k. %k ¥ Xk %
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